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1 Introduction

During RAN #65 meeting, “New WI proposal: Further LTE Physical Layer Enhancements for MTC” [1] was approved. The objectives of this work item include:
· Specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type supporting the following additional capabilities:

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage.
· The following techniques (which shall be applicable for both FDD and TDD) can be considered to achieve this:

· New physical channel formats with repetition for SIB/RAR/Paging

· A new SIB for bandwidth reduced and/or coverage enhanced UEs

· The work with the physical layer control signalling (e.g. EPDCCH) and higher layer control signalling (e.g. SIB, RAR and Paging messages) should aim for a high level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for coverage enhanced UEs.

In this contribution, considerations on common control messages (i.e., SIB, RAR and Paging) for bandwidth reduction and coverage enhancement are discussed for Rel-13 low complexity UEs.
2 Considerations on common control messages for Bandwidth reduced UEs
2.1 Legacy SIB(s) vs. new SIB(s)
For Rel-13 low complexity UEs, reusing legacy SIB(s) and introducing new SIB(s) are two different ways to achieve transmission of necessary system parameters and improve coverage performance.
Solution based on legacy SIB(s) has small specification impact and better backward compatibility. But for Rel-13 low complexity UEs in coverage enhanced mode, in order to support combining reception of SIB(s), the scheduling flexibility of legacy SIB(s) transmission and corresponding additional repetitions would be restricted significantly. Additional buffers are required to store the previous SIB(s) transmission before successful decoding. Further, additional repetitions have negative impact on power consumption. Control-less scheduling of common control messages can improve system efficiency, but UE processing complexity would be increased due to blind detection operation. Besides, considering that DL radio reception bandwidth is limited to 1.4MHz for Rel-13 low complexity UEs, solution based on legacy SIB(s) would also restrict the SIB(s) for normal UEs to 1.4MHz, which would reduce frequency diversity. 
Solution based on new SIB(s) may bring relatively large specification impact and additional system control overhead compared to that based on legacy SIB(s). But for Rel-13 low complexity UEs in coverage enhanced mode, less negative impact on scheduling flexibility of legacy SIB(s) would be expected. By reducing active SIB transmit/receive duration to a minimum and decreasing receiver processing complexity, power consumption may be reduced. Besides, considering the coverage performance and simplification of functions, introducing relative smaller maximum TBS for broadcast for Rel-13 low complexity UEs can be achieved easily, and has no impact on normal UEs.
Proposal 1: In order to avoid significant restriction on legacy SIB(s), new SIB(s) should be introduced for Rel-13 low complexity UEs with or without coverage enhancement requirement.
2.2 Consideration on new SIB(s)
Note: Table 2.2.1 shows system parameters carried by existing SIB1/2/14 and related to initial access, and estimated corresponding sizes. The most necessary system parameters related to physical layer are included in “radioResource-ConfigCommon” field. Table 2.2.2 shows specific IEs in  “radioResourceConfigCommon” field and estimated corresponding sizes.
Table 2.2.1 System parameters related to initial access
 and estimated corresponding sizes
	Contents
	Size

	cellAccessRelatedInfo
	65-200

	cellSelectionInfo
	6-9

	freqBandIndicator
	6

	ac-BarringInfo
	25

	ue-TimersAndConstants
	18

	timeAlignmentTimerCommon
	3

	EAB
	12-72

	tdd-Config
	7

	freqInfo
	5-24

	radioResourceConfigCommon
	~162

	mbsfn-SubframeConfigList
	0-240


Table 2.2.2 IEs and estimated corresponding sizes for “radioResourceConfigCommon”
	rach-Config
	~35
	prach-Config
	28

	bcch-Config
	2
	pdsch-Config
	9

	pcch-Config
	5
	pusch-Config
	21

	pucch-Config
	23
	soundingRS-UL-Config
	~9

	uplinkPowerControl
	29
	ul-CyclicPrefixLength
	1


Based on the above tables, if it is assumed that new SIB only includes necessary physical layer parameters related to initial access, corresponding range of TBS is approximately 186-426 bits for FDD. To narrow the range further, the size of “mbsfn-SubframeConfigList” field needs to be restricted. If it is assumed that new SIB includes necessary physical layer and high layer parameters related to initial access, corresponding range of TBS is approximately 321-759 bits for FDD. To narrow the range further, the sizes of both “mbsfn-SubframeConfigList” field and necessary high layer parameter fields (e.g., “EAB” field) related to initial access need to be restricted. Besides, if it is assumed that new SIB also includes other system configuration parameters, e.g., ones related to mobility and MBMS, except for necessary physical layer and high layer parameters related to initial access, corresponding TBS and range will be relatively larger. One choice is to introduce at least one additional SIB again. In this case, necessary physical and high layer parameters related to initial access may be transmitted in primary SIB, and other system parameters may be transmitted in at least one additional SIB. 
Observation1: If it is assumed that new SIB includes necessary physical layer and high layer parameters related to initial access, corresponding range of TBS is approximately 321-759 bits for FDD.
The above estimation is achieved based on existing system parameter fields. But considering that size of partial system parameters(e.g., “EAB” or “mbsfn-SubframeConfigList” field) is variable, partial system parameters(e.g., ones related to specific narrow band physical channels in “radioResource-ConfigCommon” field) may need to be redesigned or optimized when they are used for Rel-13 low complexity UEs and the corresponding size of fields may not equal to original ones any more, and potential new system parameters (e.g., ones indicating available narrow bands of unicast physical channels) dedicated for Rel-13 low complexity UEs may also be introduced in the future, both the TBS and contents of new SIB(s) cannot be provided definitely so far. The above estimation can only be as a reference roughly.
We have evaluated the performance of SIB with different TBSs under the simulation assumption in Annex (Table A.1). From the simulation results shown in Figure A.1, we can find that compared with TBSs of 504 and 328, much more repetition times (~60 vs. ~20) for TBS of 936 would be required to achieve the same coverage enhancement target of 15dB.
Observation2: Decreasing TBS can reduce repetition times significantly. From the perspective of performance, relatively small TBS should be preferable for new SIB message(s).

Proposal 2: The balance among the requirement of system acquirement time, coverage performance, and necessary contents should be considered for TBS of new SIB(s).
2.3 Determination of narrow band location
In email discussion [2] after RAN1#76 meeting, narrow band location options for low cost UEs not in coverage enhanced mode are discussed for common control messages. But for MTC enhancement in Rel-13, the above options may need to be modified, since 1.4MHz RF bandwidth in downlink need to be supported by Rel-13 low complexity UEs. Considering specification impact, use of PDCCH should be eliminated and the EPDCCH-less scheduling of common control messages should be supported [3]. 
Narrow band location options for common control messages of Rel-13 low complexity UEs may be provided as follows:
Option-1: Fixed narrow band location(s) is specified for SIB(s), RAR and/or Paging.
Minimal specification impact is expected. But both network operation and scheduler flexibility will be severely restricted. In order to avoid/alleviate interference between neighboring cells, different/neighboring cells having different fixed narrow band locations determined by cell ID may be considered. Potential specification work may include definition of fixed narrow band locations (i.e., 6 PRBs’ band).
Option-2: Narrow band location(s) is predefined in the standard for SIB(s), RAR and/or Paging.
When/if narrow band locations are changed in a pre-defined pattern, in order to avoid interference between neighboring cells, different predefined narrow band locations which are determined by some parameters (e.g. CellID and subframe index, etc) for different/neighboring cells can be considered. Besides, eNB scheduler may make use of time domain selective scheduling to acquire the required scheduling flexibility. Additional specification impact, e.g., definition of narrow band location pattern is expected.
Option-3: Narrow band location(s) for SIB(s), RAR(Msg2) and/or Paging is indicated via semi-static signaling(s). For example, narrow band location for SIB(s) is indicated within MIB; narrow band location for RAR is indicated within MIB or SIB; and narrow band location for Paging is indicated within SIB or a RRC message.
Both network operation and scheduler flexibility will be partially restricted. The performance of common control messages could have small degradation due to the loss in frequency selective scheduling gain. Higher/physical layer signalling may be needed to inform the Rel-13 low complexity UEs the narrow band locations. Specifically, MIB can be used to indicate narrow band locations of common control messages, but using spare bits in MIB may not be preferable at this stage even though this method is simplest. SIBs can also be used to indicate narrow band locations of common control messages, but if it is adopted that SIBs are shared by Rel-13 low complexity UEs and normal UEs at the same time, the indication by using SIBs may have some impact on normal UEs.
Proposal 3: Semi-static and predefined methods of narrow band location options for any common control message should be considered as high priority for Rel-13 low complexity UEs.
When multiple common control messages and/or unicast channels, which have different narrow band locations defined, are transmitted within the same subframe, Rel-13 low complexity UEs can determine current received channel type based on UE’s implementation, or the pre-defined or configured priority of common control messages and/or unicast channels.
3 Coverage enhancement
3.1 Concepts on SIB(s)
3.1.1 Transmission mechanism on SIB(s)
Considering that before new SIB is acquired, Rel-13 low complexity UEs in coverage enhanced mode would not know configuration information of MBSFN subframes, so new SIB can only utilize some predefined subframes, e.g., subframes #0/#4/#5/#9 for FDD, which are never configured as MBSFN subframes. Besides, method of uniform transmission can be used. The new SIB modification period may be sufficiently large. The transmission frequency of new SIB depends on the balance between power consumption/system acquirement time and system control overhead. In short, the requirement of system acquirement time has large impact on specific design of new SIB for Rel-13 low complexity UEs in coverage enhanced mode.

 If additional new SIB(s) would be introduced for other system parameters which are not necessary for initial access, scheduling information of additional new SIB(s) may be carried in the primary SIB. Similar to existing method, the signaling indicating the change of system parameters may be carried in paging message.

Proposal 4: Predefined non-MBSFN subframes should be used for new SIB transmission. Specific scheme may be considered after the requirement of system acquirement time is provided by RAN2.

3.1.2 Additional consideration on SIB(s)
A unified SIB(s) coverage enhancement solution for normal UEs in coverage enhanced mode and Rel-13 low complexity UEs in coverage enhanced mode can reduce system complexity. A normal UE in coverage enhanced mode may mimic the behaviors of a Rel-13 low complexity UE when receiving SIB(s).
As discussed in section 2.1, new SIB(s) should be introduced for Rel-13 low complexity UEs with or without coverage enhancement requirement. The relation between SIB(s) for Rel-13 low complexity UEs in normal coverage mode and SIB(s) for low complexity UEs in coverage enhanced mode may include:
1) Same SIB(s) are shared by the above two types of UEs
2) Dedicated SIB(s) are used by each type of UEs

3) At least one SIB (e.g., new introduced primary SIB) is shared by the above two types of UEs, but other SIB(s) are dedicated for each type of UEs

For SIB(s) shared by the above two types of UEs, the eNB will transmit these SIB(s) according to requirement of the Rel-13 low complexity UEs in coverage enhanced mode. But the combining reception of these SIB(s) may not be needed any more for Rel-13 low complexity UEs in normal coverage mode. The relation between SIB(s) for Rel-13 low complexity UEs in coverage enhanced mode and SIB(s) for Rel-13 low complexity UEs in normal coverage mode may be determined after all the system parameters related to low complexity and coverage enhancement are confirmed.
Proposal 5: When new SIB(s) are introduced for Rel-13 low complexity UEs in coverage enhanced mode, the relation between the above SIB(s) and the SIB(s) for Rel-13 low complexity UEs in normal coverage mode should be considered.
3.2 Concepts on Paging
Discontinuous reception for paging is defined in [4]. Before introducing any new paging process, it is recommended to evaluate whether the current discontinuous reception for paging is applicable for Rel-13 low complexity UEs in coverage enhanced mode or not. Discontinuous reception for paging depends on paging frame (PF) and paging occasion (PO) calculated with the corresponding equations in [4]. The available subframes used for paging message repetition may be successive subframes beginning with PO.
Currently, RAN1 and RAN2 have not discussed the optimization of paging for Rel-13 low complexity UEs in coverage enhanced mode. But the main principle should be to guarantee sufficient time interval for repetitions between two consecutive new Paging messages. If implementation related solutions based on the existing paging process can be used to achieve the coverage improvement target and have very small impact on normal UEs, the new paging process may not be introduced. But in order to avoid any impact on normal UEs, the new paging process (i.e., new PCCH system parameter) used for low complexity UEs in coverage enhanced mode only, also may be considered. In the case, normal paging messages and new ones will be multiplexed by different frequency locations.
Proposal 6: RAN1 and RAN2 should jointly discuss whether the existing discontinuous reception for paging can be reused for Rel-13 low complexity UEs in coverage enhanced mode. New paging process may be considered only if the existing discontinuous reception for paging cannot be reused for Rel-13 low complexity UEs.

For Rel-13 low complexity UEs in coverage enhanced mode, in connected state, eNB can estimate the repetition level of paging message in terms of measurement based on UL reference signal or feedback from UEs. But in idle state, eNB can only use the history repetition level of paging message stored by MME/eNB. If some mobility requirements are assumed for Rel-13 low complexity UEs in coverage enhanced mode, the above history repetition level of paging message may not be accurate. 
Proposal 7: Further studies are needed on how eNB determines paging repetition level in idle state for a Rel-13 low complexity UEs in coverage enhanced mode.
Besides, in order to reduce power consumption, longer paging cycle may be introduced to avoid frequent waking up of Rel-13 low complexity UEs in coverage enhanced mode. Paging request signaling from MME to eNB needs to be extended to provide the following information: the target of paging request is normal Rel-13 low complexity UEs or Rel-13 low complexity UEs in coverage enhanced mode.
4 Conclusions

In this contribution, considerations on common control messages (i.e., SIB, RAR and Paging) for bandwidth reduction and coverage enhancement are discussed for Rel-13 low complexity UEs. 
We make the following observations and proposals:
Observation1: If it is assumed that new SIB includes necessary physical layer and high layer parameters related to initial access, corresponding range of TBS is approximately 321-759 bits for FDD.
Observation2: Decreasing TBS can reduce repetition times significantly. From the perspective of performance, relatively small TBS should be preferable for new SIB message(s).
Proposal 1: In order to avoid significant restriction on legacy SIB(s), new SIB(s) should be introduced for Rel-13 low complexity UEs with or without coverage enhancement requirement.

Proposal 2: The balance among the requirement of system acquirement time, coverage performance, and necessary contents should be considered for TBS of new SIB(s).

Proposal 3: Semi-static and predefined methods of narrow band location options for any common control message should be considered as high priority for Rel-13 low complexity UEs.
Proposal 4: Predefined non-MBSFN subframes should be used for new SIB transmission. Specific scheme may be considered after the requirement of system acquire time is provided by RAN2.

Proposal 5: When new SIB(s) are introduced for Rel-13 low complexity UEs in coverage enhanced mode, the relation between the above SIB(s) and the SIB(s) for Rel-13 low complexity UEs in normal coverage mode should be considered.

Proposal 6: RAN1 and RAN2 should jointly discuss whether the existing discontinuous reception for paging can be reused for Rel-13 low complexity UEs in coverage enhanced mode. New paging process may be considered only if the existing discontinuous reception for paging cannot be reused for Rel-13 low complexity UEs.

Proposal 7: Further studies are needed on how eNB determines paging repetition level in idle state for a Rel-13 low complexity UEs in coverage enhanced mode.
5 References

[1] RP-141660, “New WI proposal: Further LTE Physical Layer Enhancements for MTC”, Ericsson

[2] R1-141171, “Summary of email discussion on Low Cost UE scheduling Options”
[3] R1-144817, “Physical downlink control channels for MTC enhancement”, ZTE
[4] 3GPP TS 36.304 V11.6.0, “User Equipment (UE) procedures in idle mode (Release 11)”
Annex
Table A.1 Simulation assumptions
	Parameters
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x2, low correlation

	Channel model
	EPA

	Doppler spread
	1Hz

	TBS
	TBS=328/504/936

	Number of DL RBs
	6

	Transmission mode
	TM2

	Frequency tracking error
	100Hz

	Performance target
	1% iBLER
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Figure A.1 Simulation results for PDSCH with different TBSs

